Fraction no. Fig. I . Equilibrium centrifugation of pig gastric glycoprotein in a CsCl density gradient in the presence or absence of 0.2 M-mercaptoethanol Pure glycoprotein was dissolved in CsCl at a starting density of 1.42g.ml-1; after centrifugation (1.5 x lO'g, 5"C, 48h) the densities in fractions 1 and 8 were 1.38 and 1.56g.ml-I respectively. Four tubes contained 0.2 M-mercaptoethanol and SDS/polyacrylamide-gel electrophoresis of the protein from fractions I and 2 showed the presence of the band at 70000 molecular weight as the main component. In the absence of 0.2 ~-mercaptoethanol, no protein was released from the glycoprotein in the 3.5M/CSCI gradient ( Fig. 1) even when 4 M-guanidinium chloride was included. This, together with the complete absence of protein bands on gels from electrophoresis of the glycoprotein in SDS in non-reducing conditions, was evidence that the protein removed on reduction was joined covalently by disulphide bridges to the glycoprotein.
CsCl (A, W) and four tubes contained CsCl only (4 0). Protein
Proteolytic digests of the glycoprotein with limiting amounts of enzyme were examined, as a function of time, by SDS/polyacrylamide-gel electrophoresis in the absence of reducing agent. Digestion of the glycoprotein with papain, trypsin or pepsin for periods up to 6 h gave a band of molecular weight 70000-80000 as the major protein band on electrophoresis. Thus the protein that is relnased by proteolytic digestion is itself somewhat resistant to further digestion, although after longer incubation times smaller proteins, of molecular weight 20000 and below, replaced the higher-molecular-weight band. Similarly protein bands of less than 20000 molecular weight only were observed during limited papain digestion of the reduced glycoprotein subunit, which had been fractionated by gel filtration from the protein released on reduction.
The protein isolated from the glycoprotein after reduction (Fig. 1) represents about 3.7% by weight of the total glycoprotein, and this would be just sufficient for there to be one molecule of the protein of molecular weight 70000 per glycoprotein molecule. Previous work has shown that exhaustive proteolytic digestion removes about 4% by weight of the purified glycoprotein, 25% of its total protein content (Scawen & Allen, 1977) and it follows that much of this is the 70000-molecularweight protein. Further, this protein, which is joined to the glycoprotein by disulphide bridges, is released from it by reduction or proteolysis, both of which result in the formation of glycoprotein subunits. Immunodiffusion studies have shown that this 70000-molecular-weight protein is not serum albumin; but it is interesting to note its similarities in molecular size, resistance to peptic digestion and dependence on disulphide bridges to the secretory component which is present in mucus secretions. Glucose 6-phosphatase (EC 3.1.3.9), a microsomal enzyme found in liver, kidney and small intestine, has not been purified extensively, although the enzyme has been known for more than 35 years (Nordlie, 1971) . The lack of success in purification procedures is due mainly to the instability of the enzyme, which has hindered attempts to obtain a solubilized preparation with good retention of enzyme activity. In this communication we report a satisfactory method for solubilizing the enzyme, and some preliminary purification steps.
The liver from an adult rabbit was homogenized in 5vol. of ice-cold 0.25 M-sucrose solution. The isolation of microsomal fraction from the homogenate was performed essentially as described by Burchell (1977) . The microsomal pellets were resuspended in a volume of buffer A 10.1 M-Tridacetate buffer, pH 7.5, containing 1.0% sodium cholate and 20% (v/v) glycerol] q u a 1 to 5.0% of the volume of the homogenate. The solubilization was assisted by gentle homogenization by hand, then the mixture was left at 4OC for 20min. The mixture was then centrifuged at 105000g at 4OC for 1.0h before the supernatant was collected. The supernatant contained over 95% of the microsomal protein and all of the microsomal glucose 6-phosphatase activity (Table 1 ). The solubilized preparation could be stored at -2OOC for a few months without significant loss of activity.
The protein concentration of the solubilized preparation was adjusted to 20mg/ml by dilution with further buffer A, and the tempercture of the solution lowered to 0-3OC in an ice-bath. To the gently stirred solution was added 25% (w/v) poly(ethy1ene glycol) so!ution (average mol.wt. 6000) slowly to a final concentration [of poly(ethy1ene glycol)] of 3%. The mixture was stirred for a further IOmin before the precipitate was collected by centrifugation at 25000g for 20min at 4OC. The precipitate was resuspended in a volume of buffer A equal to 3 times the volume of poly(ethy1ene glycol) added, and the mixture dispersed by gentle homogenization by hand. The preparation can be stored at -2OOC for a few months without loss of enzyme activity. The recovery of protein and enzyme activity from this step is given in Table 1 . The protein concentration of the poly(ethy1ene glycol) suspension was adjusted to lOmg/ml by dilution with buffer B (0.1 M-Tridacetate buffer, pH 7.0, containing 2096 glycerol, I.OmM-EDTA and 0.5 mhldithiothreitol) before it was applied to a DEAE-cellulose column (20mm diameter x 70mm long). The column was equilibrated with buffer B before the poly(ethy1-ene glycol) suspension (100mg) was loaded on the column. The column was eluted with buffer B until the flow-through protein was eliminated from the column. The buffer was then changed to buffer B containing 0.25~-KCl and the fractions exhibiting glucose 6-phosphatase activity were collected and pooled. The cloudy suspension of pooled fractions was then centrifuged at 105000g for 1.Oh at 4OC, and the resulting pellet was then solubiliied in a minimum volume of buffer B. The recovery of enzyme activity and protein from this step is given in Table 1 .
Glucose 6-phosphatase activity was assayed at 35OC in a 0.5 ml reaction mixture containing 50 mhl-sodium cacodylate, 30mM-gh1CO~e 6-phosphate and ~~M -E D T A at pH6.5. The reaction was started with enzyme and was stopped by removing a sample (0.05ml) of the reaction mixture and adding it to 0.25ml of 1096 (w/v) sodium dodecyl sulphate solution. The resulting solution was assayed for P, by the method of Ames (1966) . Protein was measured by the method of Bradford (1978) .
The results obtained with the above preliminary purification procedures are collected in Table 1 . The specific activity of the enzyme has increased 16.8-fold from 0.09 unit/mg in the solubilized microsomal fraction to 1.51 units/mg in the solubilized DEAE-cellulose eluate pellet. The above procedures have effectively decreased the amount of the microsomal protein to a low value while still maintaining a satisfactory yield of enzyme activity. We believe that the process is now ready for the introduction of a suitable dnity-chromatography technique to increase the purification substantially.
We are grateful to Miss V. Cameron The purification of isocitrate dehydrogenase from Escherichia coli using immobilized dyes H. G. NIMMO Isocitrate lyase (EC 4.1.3. I), the first enzyme of the glyoxylate bypass, competes with the Krebs cycle enzyme isocitrate dehydrogenase (EC 1.1.1.42) for their common substrate. In Escherichia coli the glyoxylate bypass is an anaplerotic pathway essential for growth on acetate (Kornberg, 1966) and its operation is favoured by partial inactivation of the isocitrate dehydrogenase, an NADP-linked enzyme (Holms & Bennett, 1971; Bennett & Holms, 1975) . The isocitrate dehydrogenase is inactivated only when the bypass actually operates (Holms & Bennett, 1971 ) by a process that does not depend on low-molecular-weight effectors (Bennett & Holms, 1975) . If the bypass is made redundant (e.g. by adding pyruvate to a culture grown on acetate) the ismitrate dehydrogenase is rapidly re-activated by a process independent of protein synthesis (Bennett & Holms, 1975) . Recent evidence suggested that phosphorylation of isocitrate dehydrogenase may be involved (Garnak & Reeves, 1979a) and it was therefore of interest to purify the protein so that its phosphorylation could be studied in vitro. In this communication we report on some of the properties of the enzyme isolated by chromatography on immobilized dyes.
Reeves' group have recently reported the use of immobilized Cibacron Blue in the purification of isocitrate dehydrogenase from E. coli strain K12 (Garnak & Reeves, 1979b; Vasquez & Reeves, 1979) and this matrix has also been used to isolate the enzyme from human heart (Seelig & Colman, 1977) and from Bacillus stearothermophilus (Nagaoka et al., 197 I). We partially purified ismitrate dehydrogenase from E. coli strain ML308 using protamine sulphate treatment, ammonium sulphate fractionation and chromatography on DEAE-cellulose (H. G. Nimmo, unpublished results). The resulting material, purified 65-fold over the crude extract, was dialysed into IOmhl-potassium phosphate/5 mt,4-sodium citrate/2 mM-MgCI,/ 10% glycerol (pH6.5) at room temperature and loaded onto 1 cm x 6cm columns of either Cibacron Blue or Procion Red linked to Sepharose (gifts from Dr. L. Jervis. Department of Biology, Paisley College of Technology, Paisley, Scotland, U.K.).
With the Cibacron Blue column, 42% of the applied activity (480i.u.) was considerably retarded and emerged when the column was washed with 15 bed volumes of buffer. A further 30% of the applied activity was bound by the column and was eluted by including 0.5 mM-NADP+ in the washing buffer. With the Procion Red column, over 90% of the applied activity was bound by the column and was eluted in 75% yield by the inclusion of 0.5 mM-NADP+ in the washing buffer. In each case the enzyme that was eluted by NADP+ had been purified
